A b s t r a c t: Spices
Introduction
Spices and herbs are valued for their distinctive fl avours, colours, and aromas and are among the most versatile and widely used ingredients in food preparation (Škrinjar et al., 2012) . Modern meat industry cannot be imagined without utilization of spices. However, spices, together with all other dried material of herbal origin, are never sterile. As is the case with many other agricultural products, spices and herbs may be exposed to a wide range of microbial contamination pre -and postharvest (Hashem and Alamri, 2010) . In most cases, they contain sporogenic bacteria and moulds. These microorganisms can cause spoilage of the product by their metabolic activity, consequently resulting in signifi cant economic losses.
Presence of moulds in spices and later in sausages or other meat products can result in production of toxic metabolites -mycotoxins independent of contamination degree (Kocić-Tanackov et al., 2007) . Mycotoxins are fungal secondary metabolites identifi ed in many agricultural products screened for toxigenic moulds (Clevsrton and Ljunggren, 1985) . Mycotoxins have been reported to be carcinogenic, teratogenic, tremorogenic, hemorrhagic, and dermatitic to a wide range of organisms, and known to cause hepatic carcinoma in man in humans and animals (Frisvad et al., 2005; Zinedine et al., 2006) . Production of toxins primarily depends on genetic factors; however, environmental conditions at the site of mould growth (temperature, water activity, matrix composition, moisture content, pH of the medium, contamination and physical destruction of the substrate, antifungal properties and other factors) are considered highly signifi cant (Škrinjar et al., 2012) .
It has been reported that principal contaminants of spices are xerophilic moulds from the genera Eurotium, Аspergillus and Penicillium (Dimić and Škrinjar, 1995; Dimić et al., 2000; Romagnoli et al., 2007) . Enumeration of yeasts and fi lamentous fungi usually involves the inoculation of samples in solid culture media through surface or pour plate method (Beuchat and Hocking,1990; Beuchat, 1998) . In general, culture media for fungal evaluation need to be highly selective, suppressing the fast growing bacterial contamination (Askun et al., 2007) and limiting the growth rate and spread of fungal colonies, but should allow the enumeration of theoretically all species present in the samples. More recently, media supplemented with antibiotics, as the dichloran rose of bengal and chloramphenicol (Škrinjar et al., 2012) , emerged as more effi cient alternative. These media show less toxic effect to the damaged cells, they are more effective to inhibit the bacterial development and are used to induce a smaller amount of food particles precipitation due its higher pH (Medina et al., 2005) . Routinely, dichloran rose of bengal has been successfully applied to control the rate dissemination of fungal species, limiting the rapid spread of zygomycetes on the plate surface (Pardo et al., 2006) . Later, media with reduced activity of water (a w ) were introduced, as the dichloran glycerol agar 18% (a w 0.95), for a general quantifi cation of moderately xerophilic fungi, those with fastidious growth, which in a medium with traditional activity of water (a w 0.99) may have their growth inhibited due to the rapid development of other species.
In this paper, the effi cacy of these two culture media for quantifi cation of fungi from different spices was evaluated.
Materials and methods

Samples
A total of fi fteen (n = 15) samples of commercially available spices were analyzed for mould contamination. The samples were provided from the health food stores in bulk and from supermarkets.
Methods
The samples were processed according to the ISO 21527-1:2008 and ISO 21527-2:2008 methods. All analyses were performed in triplicate under aseptic conditions. Samples were inoculated by surface plate technique according to the dilution performed. For surface plating, 0.1mL aliquots were inoculated in plates with solidifi ed medium, spreading the inoculum on media surface. For the enumeration, two different selective media were used: dichloran 18% glycerol (DG18) agar and dichloran RoseBengal chloramphenicol (DRBC) agar. The plates were incubated at 28°C for 5-7 days and examined for presence of moulds. The results were expressed as colony forming unit per sample gram (CFU/g).
Identifi cation of the isolates
For the identifi cation of the cultures, each isolate was inoculated on Czapek-Dox Agar (CZ, Oxoid CM97). Macroscopic and microscopic morphological characteristics were used in the identifi cation process. Colony colour, texture and diameter, the production of diffusible pigments, and exudates were among macroscopic features, while conidia and conidiophore arrangements were the microscopic ones.
Isolates were identifi ed according to standard mycological procedures (Pitt and Hocking, 1995; Samson and Pitt., 2000) . Table 1 shows the results of mycological analyses -enumeration of moulds in 15 different spice samples using two different selective media, DG18 and DRBC. These media have different composition of added sugars and water activity (a w ). Numerous xerophilic moulds, which are carriers of spices contamination, have optional a w below 0.90. Collaborative investigations using those two selective media provide more accurate perspective on micro populations. From fi fteen spices, all samples were with growth (Table 1) , while samples 5 and 6 had the highest contamination level (3.62-3.79 log 10 cfu/g). Generally, the moulds were found with the mean concentration of 2.7 log 10 cfu/g. DG18, of all the media evaluated, showed better effi cacy of fungal contamination in spices used in meat industry. DG18 presented the better results in the quantity from the evaluated spices.
Results and discussion
Isolated moulds were classifi ed into four genera (Aspergillus, Alternaria, Paecylomyces and Penicillium). Considering DG18, mycological research showed better fungal diversity and the dominant presence of genus Aspregillus (47.82%). The remaining moulds were from genus Penicillium (39.13%), Paecylomyces (8.69%), and Alternaria (4.34%). On DRBC, contamination level was the same for Aspergillus spp. and Penicillium spp. (Table 2). In addition, the number of different genera present was greater on the DG18 agar plates than on the DRBC plates.
Dichloran 18% glycerol (DG18) agar was originally developed to enumerate xerophilic foodborne moulds. However, some laboratories are using DG18 agar as a general medium to enumerate foodborne moulds and yeasts. These results pointed to the fact that media with limited amount of free water suppressed the growth of moulds that are not extremely xerophilic in nature. It is also known that xerophilic moulds can be divided into fast-growing and slow-growing forms (Kocic-Tanackov et al., 2007) . Slow-growing moulds, even under optimal conditions can be overgrown by fast-growing xerophiles. The emergence of Aspergilli and Penicillia species on the two different media indicated the presence of these moulds as the dominant mycofl ora of different spices. This observation was greatly in agreement with other authors who studied mycofl ora of spices and medicinal herbs (Dimić et al., 2008; Janković et al., 2008; Škrinjar et al., 2012) .
The variation in frequency of mycopopulation of spices cultivated on DG18 and DRBC media is most probably related to the strain type within one species. Environmental factors also have signifi cant effect and can induce the growth of mycopopulation on lower a w values (optimal temperature and type of nutritive components in the medium). Xerophiles, especially selective ones tend to be very sensitive on environmental conditions. Askun et al. (2007) used Rose-Bengal chloramphenicol Agar (Oxoid, CM 549) and Dichloran-Glycerol (DG18) Agar (Oxoid, CM 729) for determination of xerophilic moulds. Other media can also be used such as Dichloran-Glycerol (DG18) Agar Base (Pitt and Hocking, 1985) , MY70FG and MY50FG (Beuchat, 1998), MY50S and MY40S (Beuchat and Hocking, 1990) .
Moulds fall into two ecological categories, e.g., fi eld and storage moulds. Field moulds were observed to invade developing or mature seeds while they are on the plant, the major fi eld moulds genera being Alternaria, Fusarium and Cladosporium. On the other hand, storage moulds are those encountered on plants in conditions of moisture commonly found in stored products. These moulds principally belong to species Aspergillus and Penicillium (Abou Donia, 2008) . The spices can undergo fungal contamination mainly during spice processing, storage and transport (Dimić et al., 2008) . 
Conclusion
Based on obtained results, it can be concluded that it is necessary to use different selective media adjusted to specifi c requirements of xerophiles in order to achieve proper isolation and accurate contamination degree of spices by xerophilic moulds.
Utilization of selective media enables acquiring representative insight into spices mycopopulation.
Our investigation showed that DG18, of all the media evaluated, showed better effi cacy in determination and enumeration of moulds in spices, fungal diversity and the dominant presence of genus Aspergillus (47.82%) in spices used in meat industry. 
